Abstract. Phytoplankton is known to be a key element in the production and eventual oceanic effiux of dimethyl suffide (DMS) to the atmosphere. We hypothesized that the alternation of Phaeocystis pouchetii and diatoms, the two major algal components of the spring bloom, would modulate the input of partictfiate organic sulfur (POS), dimethylsulfoniopropionate (DMSP), and DMS into the mixed layer of the marginal ice zone. A bloom of diatoms is expected to present similar pathways but to have very different rates of POS/DMSP/DMS production and POS/DMSP sinking and no or low DMS flux to the aUnosphere as contrasted to the cycling occurring during the P. pouchetii phase of the bloom. Our initial hypothesis cannot be accepted based on our observations in the Barents Sea during the spring of 1993. The contribution of diatoms to the water column budgets of DMSP and DMS was significant and cannot be overlooked. We suggest that the physiological stage of the bloom is perhaps more important to biogeochemical cycling than its phytoplankton species composition in controlling DMSP and DMS fluxes in Arctic waters. Loss of particulate DMSP in the mixed layer was mainly by release into the dissolved pool and by sedimentation rather than by grazing, except in ice-free waters. Cycling of DMS in the mixed layer was predominantly biological in ice-free waters, while in Polar From waters, ventilation was proportionally more important due to depressed microbiology.
Introduction
Recent models of the ocean-atmosphere system demonstrate the potentially great importance of polar oceans to the regulation of atmospheric CO2 and sulfur-containing gases, especially dimethyl sulfide (DMS) [Sarmiento and Toggweiler, 1984; Erickson et al., 1990] . This is due, in great part, to the action of the surface biota. A potentially anomalous high DMS production in polar waters [Gibson et al., 1990 ; DiTullio and Smith, 1995] coupled with high productivity at the Arctic ice edge [Smith et al., 1987] points to an underestimation of the role of Arctic waters in the global DMS budget [Erickson et al., 1990] .
In the Arctic shelf of the Barents Sea, the ice edge is one of the most productive environments, particularly during spring time, due to high levels of primary production and the long duration of the ice edge bloom as it recedes northward with the ice during spring and summer. At the ice edge and the marginal ice zone, diatoms (only a few species of Chaetoceros and Thalassiossira) are believed to be the first algae to bloom followed by the colonial form of the prymne- DMS analysis was done with a purge and trap system in line with a gas chromatograph with a flame-photometric detector, as described by Matrai and Keller [1993] . DMS was Chromosil 330,column kept at 85øC and the carrier gas was He at 40 mL min 4.
Particulate DMSP was converted to DMS after the filter was incubated for at least 6 hours placed in a 14-mL serum bottle filled with artificial seawater, capped with a Teflonfaced septum, and 5 N NaOH was added to a final pH of 12.
A subsample was then sparged as above for the DMS evolved. Dissolved DMSP samples were collected into 7-mL baked scintillation vials and stored frozen until later analysis during the cruise. When analyzed, 1-2 mL of sample were placed in the sparger, 5 N NaOH was added, and the DMS was evolved, trapped and determined as above. Mucilage samples were analyzed as they becmne available similarly to the dissolved DMSP samples. Liquid standards for DMS and DMSP were treated as described above. Analytical precision is better than 5% for most of the working range, including the lowest concentrations of DMSP encountered here [Matrai and Keller, 1993] .
Water column and sediment trap samples of POS were collected on Whatman GF/C glass fiber filters, gently rinsed with isotonic 3% ammonium formate to remove sea-salt sulfate, and frozen until later analysis. Organic sulfur was measured with an Antek 701C sulfur detector, with an analytical precision better than 5% [Matrai, 1989] .
ChlorophylIs were collected onto Whatman GF/C glass fi- 
Incubations
Experiments were done by in situ incubations at three depths within the mixed layer using the primary productivity mooring (Vemet et al., accepted manuscript, 1997). The three depths corresponded to surface water (>90% incident irradiance), the fluorescence maximum, and the depth of the 1% incident irradiance. Samples were collected from the Niskin bottles into their respective incubation vessels (as described below). Bottles for DMS and DMSP incubations were hung from a polycarbonate line at their: in situ depths for 24 hours starting between 0000 and 0200'UT, The line was anchored to an iceberg in stations I-m 'ahd"t0 a free-drifting float in station IV. Incubations were t•nated by lifting the mooring and transporting the bottles to the lab in the dark.
• Water samples for DMS and DMSP were collected into 250-mL Teflon bottles which had been previously rinsed with 10% HC1, followed by distilled water and f'mally with water from the respective depths. DMS net production was measured at in situ irradiance in untreated samples incubated in translucent Teflon bottles. DMS consumption rates were estimated in similar conditions but with the addition of 500 gM of chloroform (final concentration (Table 1) . From a DMS/DMSP cycling perspective, this station represented a physiologically very active, algal system. At station III, in the marginal ice zone, water colurn particulate DMSP was again not accumulating (Tables 2 and 3;  Figure 7c ). Daily net production of particulate DMSP was balanced by the daily loss due to vertical sinking out of the mixed layer. However, conversion to dissolved and mucilaginous DMSP was the major process depleting the observed particulate DMSP pool. Daily grazing [Hansen et al., 1996 ; Vernet et al., 1996] did not appear significant in reducing the observed particulate DMSP pool, assuming the disappearance of DMSP sulfur by this process is proportional to that of organic carbon. The higher net production of dissolved DMSP and DMS suggested a physiologically older, algal system like that in the ice-covered waters of station I but with enhanced sulfur burdens (i.e., integrated within the mixed layer) and more elevated net rates of production and consumption than station I. The phytoplankton was a mixture of diatoms and Phaeocystis, the latter representing a smaller proportion of the phytoplankton carbon than in station II (Table 1) .
At station IV, in ice-free waters, the grazing pressure on the phytoplankton carbon pool of the mixed layer was the most significant of all four process stations in absolute terms [Hansen et al., 1996; Vernet et al., 1996] . In the case of particulate DMSP, the loss due to grazing would be less than double its loss via sedimentation or its daily production (Tables 2 and 3; Figure 7d ). During our time series incubations, there was no net conversion to dissolved DMSP in the mixed layer. However, it is not possible to say that there was no conversion of DMSP from the particulate to the dissolved pool. Nonetheless, this station was the most likely to accumulate particulate DMSP in the mixed layer since the DMSP residence time was at least 16 days when all the processes previously discussed are included. This was significantly longer than the DMSP residence time at the other three process stations, all equal or shorter than 5 days. The combination of highest water column primary production, low dissolved DMSP and DMS net production, and average POS and DMSP standing stocks suggests a phytoplankton community in exponential growth. DMSP and DMS were not the only parameters that indicated different stages of algal growth. As would be expected, carbon suggested similar patterns. These patterns are based on rates of particulate and extracellular primary production, assimilation numbers, and carbon-specific growth rates de- Table 2) . Primary production based on carbon uptake in the particulates was relatively lower at stations I and III, higher at station II enriched in Phaeocystis pouchetii, and highest at station IV dominated by diatoms (Table 1) . Chlorophyll-specific total primary production was higher than expected for polar phytoplankton at the ice edge Earlier we noted that DMS and DMSP standing stocks appeared to be a function of bloom stage rather than phytoplankton composition. DMS and DMSP burdens during the Arctic spring bloom can thus be higher than initially hypothesized without differential modulation of DMS and DMSP cycling by Phaeocystis pouchetii versus diatom-dominated waters. For example, the chlorophyll-specific particulate DMSP burden observed in waters where Phaeocystis represented 45% of the phytoplankton carbon (station II) was not higher than that in waters dominated by healthily growing diatoms (station IV); furthermore, DMS standing stocks normalized to chlorophyll a were higher in an early diatom bloom stage (station IV) than in an active Phaeocystis diatom bloom stage (station II) and comparable to that of a late Phaeocystis diatom bloom stage (station III). Table 4 proportionally more important due to depressed microbiology.
